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Abstract 
Aim: To measure the polymerization of light-cured (Variolink Veneer, VLV) and dual-
cured (Variolink II, VLII) resin luting cements after light activation through different 
lengths of fibre post ex vivo.  
Methodology: Degree of conversion after prolonged direct light activation (PLA) [12 
min after LED light activation for 3 min] was determined using ATR-FTIR. Models were 
then produced to allow samples of VLV and VLII (n = 5 each group) to be light-activated 
through 3, 6 and 9 mm lengths of fibre post (Fiber Lux). Degree of conversion was 
assessed by ATR-FTIR and expressed as a percentage of the degree of conversion 
achieved after PLA. Data were analysed using ANOVA and Tukey’s test (P < 0.05). 
Results: Mean [SD] degree of conversion for VLV and VLII after PLA was 57.97% 
[1.51] and 54.71% [3.77], respectively. Light activation of VLV through a 3 mm post 
produced 81.62% of the PLA value, compared with 71.03% for the 6 mm and 46.04% 
for the 9 mm post. Conversion after activation through 9 mm posts was significantly less 
than through 3 and 6 mm posts (P < 0.05). For VLII, activation through a 3 mm post 
produced 66.51% of the PLA value, compared with 54.38% for the 6 mm and 41.56% 
for the 9 mm post. A significant decrease in degree of conversion was noted for VLII as 
post length increased (P < 0.05). 
Conclusions: The degree of conversion for VLV reduced after light activation through 9 
mm posts when compared to 3 mm and 6 mm posts, whilst the degree of conversion for 
VLII decreased with every increase in post length. 
 
Introduction 
Bonded fibre posts are increasingly employed in the restoration of root canal treated 
teeth as largely in vitro investigations have suggested a modulus of elasticity similar to 
dentine (Ferrari et al. 2000) and improved bond strengths (Naumann et al. 2008) 
compared to conventional posts and cements. The detailed dynamics of adhesive 
behaviour within post channels is, however, under-researched, and concerns have been 
expressed about the quality of curing as a function of compromised light penetration 
(Cekic-Nagas & Ergun 2011). It has been reported that the degree of conversion of 
composite resin has an inverse relationship with the length of post channel and 
explanations may include the increasing distance between the activating light source 
and the material (Le Bell et al. 2003). The use of a translucent fibre post may be 
expected to allow deeper penetration of light and improved conversion (Shadman et al. 
2012), but inadequate conversion rates have still been reported in middle and apical 
root thirds (Faria-e-Silva et al. 2008, Kim et al. 2009). Incomplete curing of adhesive 
cements may therefore contribute to poor physical properties of the cement and 
ultimately poor bonding and clinical performance (Roberts et al. 2004). Dual cured resin 
cements have been recommended, but light activation may still be needed and the 
details of curing behaviour are unclear (Attar et al. 2003).  
This study aimed to evaluate the degree of conversion of a light cured and a dual cured 
resin luting cement after light activation through various lengths of fibre post. The 
hypothesis tested was that the degree of conversion of the dual cured material would be 
consistent after light activation through different post lengths, while the degree of 
conversion of the light cured material would be reduced after activation through longer 
posts. 
Materials and Methods 
A light curing [Variolink Veneer (VLV); IvoclarVivadent, Schaan, Liechtenstein] and a 
dual curing [Variolink II (VLII); IvoclarVivadent, Schaan, Liechtenstein] resin luting 
cement were included in this study (Table 1). Materials were stored at 2°C before use. 
Experiments were performed at room temperature and materials manipulated according 
to manufacturer’s instructions.  
All posts were parallel sided glass fibre [Translucent Fiber Lux posts 
(ColtèneWhaledent, Mahwah, NY, USA] with a diameter of 1.50mm. The curing light 
was a LED light [Flashlite 1401;Discus Dental, Inc., Culver City, CA, USA], whose 
average output intensity was measured as 980mW/cm2 with a Coltolux light meter 
(ColtèneWhaledent, Mahwah, NY, USA) before each test. 
Determination of degree of conversion after prolonged, direct curing:  
Degree of conversion after prolonged direct light activation (PLA) was monitored for 
both test materials (n=5) using attenuated total reflectance Fourier transform infrared 
spectroscopy (ATR-FTIR; Perkin Elmer Spectrum 100, PerkinElmer, USA) with a 
diamond sensing element in ATR mode at 4cm-1 resolution in the wavelength range of 
750-2000cm-1. Materials were dispensed directly onto the FTIR sensing element and a 
glass coverslip placed over as a spacer device to produce specimens 1mm thick. Two 
readings were taken of uncured material, before light activation for 3minutes followed by 
12minutes in dark conditions before ATR-FTIR scanning (15minutes from the start of 
light activation). The degree of conversion (DoC) was calculated by comparing the ratio 
of aliphatic carbon-carbon double bonds (C=C) at 1640cm-1 and C=O at 1710cm-1 in 
cured and uncured materials using the following formula: 
 
 
Degree of conversion after light activation through fibre posts: 
Posts were trimmed perpendicular to length with a water cooled diamond saw to give 
post-lengths of 3mm, 6mm and 9mm measured from their coronal heads. Models were 
created that replicated post channels (Figure 1) prepared in modified Eppendorf tubes 
with a 1.5mm diameter x 1mm thick disc placed in the centre of the open end to provide 
space for the test material. The fibre post was secured in place and Virtual® Hydrophilic 
vinylpolysiloxane impression material (IvoclarVivadent, Schaan, Liechtenstein) poured 
around the disc and post to the desired length. Three models were prepared, for posts 
of 3mm, 6mm and 9mm lengths. 
VLV was syringed directly into the apical end of the mould while the base and catalyst 
of VLII were mixed according to manufacturer’s instructions. All procedures were 
performed in dimmed light to reduce the influence of ambient light on the curing. 
Two FTIR readings were taken of uncured material, after which the material was light 
activated for 10seconds through the post followed by a further FTIR reading, taking 
10seconds. This cycle of curing and FTIR measurements was repeated 10 times for 
each material/post combinations, giving a total light curing of 100seconds. The data 
collected after curing through the posts were then manipulated using the formula: 
 
 
Data were manipulated and analyzed using MS Excel and SPSS version 16.0 (SPSS 
Inc., Chicago, IL, USA) using independent sample t-test, ANOVA and Tukey’s multiple 
range test (p<0.05).  
Results 
Degree of conversion after prolonged direct light activation: 
The mean (SD) degree of conversion for VLV and VLII after prolonged direct light 
activation (PLA) was 57.97% (1.51) and 54.71% (3.77) respectively. The DoC for the 
two materials was not significantly different (t-test; p>0.05).  
Table 2 shows % of the PLA value for VLV and VLII after light activation through 3mm, 
6mm and 9mm posts. For all the groups, there was a trend of reduced conversion as 
the length of the post increased. For VLV, no significant difference was found between 
the conversion through 3mm and 6mm posts (p>0.05), while conversion through 9mm 
posts was significantly less than through 3 and 6mm posts (p<0.05). For VLII, a 
significant decrease in degree of conversion was noted as post length increased 
(p<0.05). 
The degree of conversion was not significantly different between VLV and VLII when 
materials were light activated through each length of posts (t-test; p>0.05) 
Figures 2 and 3 compare the % degree of conversion achieved by activating test 
materials through 3mm, 6mm and 9mm posts. 
Discussion 
This in vitro study evaluated the degree of conversion of light cured VLV and dual cured 
VLII after irradiating through 3mm, 6mm and 9mm lengths of light transmitting fibre post. 
Several techniques, such as differential thermal analysis (Imazato et al. 1995), 
differential scanning calorimetry (Antonucci & Toth 1983), Raman spectroscopy (Shin et 
al. 1993), electron paramagnetic resonance (Sustercic et al. 1997) and nuclear 
magnetic resonance (Morgan et al. 2000) have been deployed to determine the degree 
of conversion of resin materials. In this study, ATR-FTIR was used to determine the 
degree of conversion as it is a non-destructive technique, simple to use, with high 
optical output and the ability to monitor the setting reaction in real time as it progresses 
(Oh et al. 2006). ATR-FTIR utilizes two basic mechanisms: total internal reflection and 
the attenuation of said total reflection. Internal reflection takes place when the infrared 
light is passed to a crystal with a high reflective index, leading to the formation of 
evanescence wave that extends beyond the crystal. This extended evanescence comes 
in contact with the sample leading to the absorption of energy by the sample. This 
results in the attenuation of the evanescent wave and the energy from this attenuated 
wave is passed to the detector and an infrared spectrum (Katon 1996) 
The degree of conversion was calculated by comparing the ratio of the aliphatic C=C 
peak at 1640 cm-1 and the C=O peak at 1710 cm-1. Previous studies have used the 
aromatic C=C peak at around1610 cm-1 (Faria-e-Silva et al. 2008, Kim et al. 2009, 
Spencer et al. 2000), but this peak was absent for VLV, which is likely to be due to the 
absence of Bis-GMA, therefore ruling out the use of this peak for investigation. 
In this study, two scans of uncured samples were taken 20seconds apart before light 
activation which showed no noticeable degree of conversion even though the chemical 
and light-activated elements of dual-curing cements work independently (Braga et al. 
2002). A similar finding has also been reported by Tezvergil-Mutluay who noted that 
VLII achieved less than 10% conversion at 200seconds after mixing without light 
activation (Tezvergil-Mutluay et al. 2007). 
This study found that the VLV achieved a mean of 57.9% conversion, while VLII 
achieved a mean of 54.7% conversion after prolonged, direct light activation (3minutes 
LED light activation and 12minutes delay). In a previous study, 0.6mm thick samples of 
VLII achieved 65.7% conversion 15minutes after 40seconds of direct light activation 
(Tezvergil-Mutluay et al. 2007). However, in the previous study, degree of conversion 
was determined by using the aliphatic 1638cm-1 peak and aromatic 1608cm-1 peak. For 
the purpose of comparison, when these peaks were analyzed in the present study for 
VLII, a slightly higher conversion value of 58.4% was noticed when compared with the 
aliphatic 1640cm-1 peak and aromatic 1710cm-1 peak. In addition, the higher value in 
the Tezvergill-Mutluay study may be due to a different light curing unit, which was a high 
intensity halogen light (Optilux-501, KerrDental, Orange, CA, USA), while in the present 
study, a LED light was used. Surprisingly, the LED light used in this study displayed a 
higher intensity (980mW/cm2) than the Optilux-501 (800mW/cm2) which may be 
expected to produce a higher DoC. However, the Flashlite 1401 has been reported by 
the manufacturer to produce a spectral range between 460-480nm, while the Optilux-
501 has a broader wavelength output between 400-505nm, which may be more 
effective at activating the initiators and co-initiators present in the investigated material 
(Emami & Soderholm 2005). LED lights are currently more widely used in clinical 
practice as they have the advantage of being cordless, lighter weight and their life 
expenditure can be around 10,000 hours (Rahiotis et al. 2010) and were therefore 
selected for use in this study. 
There are insufficient data available on the degree of conversion of VLV in post 
channels; therefore, comparisons could not be made with other studies. Although VLV 
is not explicitly recommended by the manufacturer for post cementation, it was used in 
this study to determine the difference between light cured and dual cured luting cements 
from the same manufacturer with similar monomer chemistry.  
The models prepared in this study were made from opaque vinylpolysiloxane 
impression material, thus  they did not replicate prepared post channels in teeth, where 
the surrounding dentine has some degree of translucency and where the post is rarely 
adapted tightly to the preparation walls throughout its length (Stricker & Gohring 2006). 
Moreover, it has been suggested that the irradiated light intensity reduces as a result of 
light scattering within the resin cement present around the fibre post and the shadowing 
produced by the post and the tooth (Faria e Silva et al. 2007) . Therefore, the aim of this 
model was to allow the light to pass through the post only without being scattered or 
absorbed to represent the ‘worse case scenario’ for cement curing around a post. In 
addition to this, only a single type of fibre post was used, and it is impossible to 
extrapolate results to other fibre post systems, whose geometry and optical properties 
may have an impact on material curing (Teixeira et al. 2006). It has been explained that 
the irradiation of light on the fibre post leads to its absorption, reflection and 
transmission and is mainly dependent on the resin matrix and fibre component of the 
post. This absorption and reflection within the post reduces the energy density of light 
as the penetration depth increases, therefore, highlighting the possible difference in light 
transmitting ability and curing depths of different fibre post systems (dos Santos Alves 
Morgan et al. 2008). Further limitations in relation to the clinical situation include the 
placement of a 1mm thick specimen of material at the apical limit of the post. In clinical 
post cementation, the resin cement is generally positioned in thin section along the 
lateral surfaces of the post, not concentrated at its end (Grandini et al. 2005). These 
limitations accepted, the current model provided an opportunity to explore further the 
dynamics of material curing after light activation through a fibre post system. 
The base and catalyst of VLII were hand mixed in a ratio of 1:1 as recommended by the 
manufacturer, however, due to manual dispensing of the materials, there might be 
variation in the mixing ratio which has been related to the degree of cure (Ferracane et 
al. 1998). Nonetheless, the standard deviation (SD) values obtained for VLII were 
generally similar to VLV, therefore suggesting little impact of mixing on the setting of 
materials. 
An ex vivo study was conducted in human teeth by Kim et al.(2009) to estimate the 
degree of conversion of VLII at various depths of the post-channel after activation with 
halogen light (600mW/cm2) for 40seconds through a translucent glass fibre post (FRC 
Postec Plus, IvoclarVivadent, Schaan, Liechtenstein). Degree of conversion values 
were 60.56% at 3mm, 42.37% at 6mm and 44.07% at 9mm in the cement surrounding 
the post. By contrast, the mean degree of conversion for VLII in the present study was 
36.3% after activation through a 3mm post, 29.7% for a 6mm post and 22.7% for a 9mm 
post. In addition to the differences in the experimental model, posts used and curing 
light, the samples of Kim et al. were stored in the distilled water for 24hrs before FTIR 
spectroscopy analysis, while the present study analyzed freshly cured samples. It may 
therefore be speculated that VLII undergoes continued polymerisation following the end 
of light activation, though there was little evidence of this from our curing curves which 
appeared to plateau after 3minutes of light activation indicating deceleration of the 
curing reaction in the later stages.  
As demonstrated in Table 2 VLV showed slightly better conversion rates when 
irradiated through all the lengths of post as compared to VLII. However, the difference 
was not statistically significant (t-test;p>0.05). These lower values may be attributed to 
the inability of VLII to undergo chemical reaction in the early phases of polymerization. 
As shown in figures 2 and 3, there is no plateauing for both the materials during the test 
periods indicating further potential for polymerization Nonetheless, for both VLV and 
VLII, there was a general trend of lower degree of conversion as the length of the post 
increased, which is likely to be due to a reduction in light intensity with increasing post 
length (Goracci et al. 2008), resulting in incomplete polymerization in the deeper zones 
of post channel (Kim et al. 2009). Moreover, the degree of conversion of resin luting 
cements is also dependant on the translucency and composition of the fibre post as 
suggested by Kim et. al who reported higher degrees of conversion for VLII when light 
activated through translucent quartz or glass fibre posts, compared to an opaque 
silicon-zirconium glass fibre post (Kim et al. 2009). The Fiber Lux post used in this study 
is glass fibre and light transmission through this post is significantly greater than through 
an opaque glass fibre post from the same manufacturer, but light transmission drops by 
approximately 95% between 1mm and 9mm length (Ho et al. 2011). 
Other factors that may contribute to the polymerization of resin cements in post 
channels include the diameter of the fibre post and depth of cure has been shown to be 
directly proportional to the diameter of the fibre post (Lui 1994). However, in clinical 
situations, the selection of the post diameter is dependent on the type and anatomy of 
the root canal and the mechanical needs of the restoration. In the present study, 
translucent Fiber Lux posts with a diameter of 1.5mm were used to facilitate handling 
and the production of wider diameter of test samples allowing better positioning of the 
samples on the FTIR crystal. These results may therefore not translate automatically to 
posts of similar design but with different diameter. 
One of the purposes of determining the degree of conversion can be related to the 
retention of the post in the root canal as a higher degree of conversion is related to 
higher bond strength (Giachetti et al. 2004). However, retention of the post also 
depends on the bond between the post and cement as well as between the cement and 
root dentine. In addition, incomplete conversion may result in increased amounts of 
residual monomers which might leak into the periodontal tissues resulting in adverse 
effects (Schmid-Schwap et al. 2009). 
Therefore, attempts should be made to select a translucent fibre post with the highest 
light transmitting capability, in conjunction with a light curing unit that allows maximal 
conversion of the particular luting cement. Further research needs to be carried out to 
fully understand the kinetics of polymerization in the deeper zones of post channels. 
Conclusion 
The hypothesis that the degree of conversion of the dual cured material (VLII) would be 
consistent through different length posts after light activation was rejected. Degree of 
cure of VLII reduced significantly as the post length was increased. The hypothesis that 
the degree of conversion of the light activated material (VLV) would reduce with 
increasing post length was partially supported – the degree of cure observed following 
curing through 9mm post length was significantly less than through 3 and 6mm post 
length. 
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Table 1 Materials used in this study 
 
Bis-GMA: Bisphenol A-glycidyldimethacrylate; UDMA: Urethane dimethacrylate; 
TEGDMA: Triethylene glycol dimethacrylate 
Material Code Manufacturer shade LOT Composition 
Variolink 
Veneer 
(Light 
cured 
luting 
composite) 
VLV IvoclarVivadent 
Medium 
Value 0 
P47768 
UDMA, TEGDMA, 
Silicon dioxide, 
Ytterbiumtrifluoride, 
initiators, 
stabilizers and 
pigments. 
Variolink II 
(Dual 
Cured 
luting 
composite) 
VLII IvoclarVivadent 
Base: 
Transparent 
Catalyst: 
Transparent/ 
Low 
Viscosity 
Base:P52019 
Catalyst:P71536 
Bis-GMA,UDMA, 
TEGDMA, Silica, 
Barium glass, 
Ytterbiumtrifluoride, 
spheroid mixed 
oxide, initiators, 
stabilizers and 
pigments. 
 
ParaPost® 
Fiber Lux 
- ColtèneWhaledent - - 
60% Fibreglass; 
40% Resin 
 
 
  
 
Table 2 Mean [SD] % of prolonged, direct curing value for VLV and VLII after light 
activation for 40seconds through different lengths of post. (n=5 samples) 
Superscript letters indicate groups with no significant difference (ANOVA, Tukeys 
multiple range test, p<0.05) 
 
Variolink Veneer Variolink II 
Depth Mean (%) Std. deviation Mean (%) Std. deviation 
Control 91.76a 2.39 82.98 3.08 
3mm 81.62ab 5.34 66.51 2.11 
6mm 71.03bc 6.09 54.38 6.32 
9mm 46.04 12.79 41.56 8.62 
 Figure 1 - Diagrammatic representation of model used in the 2 study. The horizontal lines 
represent the sectioning of the mould and post at 6 mm and 3 mm. 
 Figure 2 - Degree of conversion (%) of VLV after light activation through 3 mm, 6 mm and 9 mm 
fibre posts. (n = 5 samples). 
 
 Figure 3 - Degree of conversion (%) of VLII after light activation through 3 mm, 6 mm and 9 mm 
fibre posts. (n = 5 samples). 
